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Summary 


The  overall  objective  of  this  research  is  to  examine  the  feasibility  of 
accelerating  wound  healing  by  understanding  the  intra-cellular 
cellular  mechanisms  involved  in  the  regulation  of  collagen  synthesis. 
Collagen  is  a  key  component  of  all  tissues.  It  is  involved  in  defining 
the  architecture  and  biomechanical  characteristics  of  all  tissue  and 
organs  and  plays  a  major  role  in  the  modulation  of  cell  proliferation, 
migration  and  differentiation.  Collagen  synthesis  is  a  crucial  step  in 
wound  healing. 

The  present  studies  are  based  on  our  hypothesis  that  the  synthesis  of 
collagen  is  regulated  by  the  superoxide  free  radical  (Oz*).  Superoxide 
is  produced  in  large  amounts  by  phagocytes  which  infiltrate  a  woimd 
in  the  early  stages. 


In  the  first  two  years  of  our  study,  our  objective  was  to  demonstrate 
a  mechanistic  relationship  between  (02°)  and  collagen  synthesis  and 
prepare  the  background  for  extending  these  studies  to  in  vivo 
animal  models  in  the  continuation  of  the  project.  An  in  vivo  wound 
chamber  model  using  rabbits  was  adapted  from  our  collaborative  for 
studies  with  colleagues  at  UCSF  and  used  for  initial  studies  on  woimd  ^ 
healing.  As  the  Contract  ended  at  the  end  of  the  initial  two  years,  we 
have  reportable  data  only  for  the  effect  of  (02°)  on  collagen  synthesis 
in  the  in  vitro  tissue  culture  model  for  wound  healing.  ^ 
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Special 
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Our  studies  showed  that  IMR-90  fibroblasts  derived  from  human 
fetal  lung  tissue  are  a  suitable  model  for  investigations  on  collagen 
synthesis.  These  cells  retain  many  of  the  biochemical  characteristics 
of  fibroblasts  in  tissues.  We  examined  the  synthesis  of  collagen  and 
the  levels  of  the  collagen  related  enzyme  prolyl  hydroxylase  in  these 
cultures  in  the  prtesence  or  absence  of  (02°).  Exposure  to  (02°) 
resulted  in  a  marked  stimulation  of  collagen  synthesis  and  an 
increase  in  the  activity  of  prolyl  hydroxylase.  We  also  examined  the 
nature  of  collagen  synthesized  in  the  presence  and  absence  of  (02°). 
These  experiments  showed  that  (02°)  increased  the  synthesis  of  type 
III  collagen  to  a  much  greater  extent  than  the  syntiiesis  of  type  I 
collagen.  This  observation  is  consistent  with  the  biochemical  events 
occurring  in  repairing  wounds  in  vivo.  Thus  our  studies  supported 
our  hypothesis  that  an  increase  in  (02°)  levels  increases  the  synthesis 
of  collagen  and  suggest  that  measures  to  increase  (02°)  may  also 
promote  collagen  synthesis  in  healing  tissues  in  vivo  and  facilitate 
wound  healing. 


Introduction 


The  role  of  oxygen  wound  healing  is  well  recognized  and  documented 
in  our  original  proposal.  The  availability  of  oxygen  is  critical  for 
repair  processes.  The  beneficial  effects  of  hyperbaric  oxygen 
therapy  on  wotmd  repair  have  been  amply  demonstrated.  Increased 
ojQ^gen  supply  promotes  wound  healing  whereas  decreased  oxygen 
supply  retards  repair.  The  beneficial  efects  of  oxygen  on  wound 
healing  can  be  directly  correlated  with  its  direct  involvement  in 
collagen  synthesis  which  is  crucial  to  repair.  Collagen  is  responsible 
not  only  for  tissue  architecture  and  biomechanical  characteristics,  but 
also  plays  a  regulatory  role  as  it  modulates  cell  proliferation, 
migration  and  anchorage,  and  contributes  to  cell  and  tisue 
differentiation.  Oxygen  is  a  substrate  for  the  extremely  important 
post-translational  hydroxylation  of  proline  and  lysine  residues  in 
collagen. 

Many  lines  of  evidence  suggest  that  oxygen  may  also  act  at  the 
genetic  and  epigenetic  levels  to  modulate  the  expression  of  collagen 
genes  and  the  expresion  of  genes  for  the  enzymatic  machinery 
required  in  the  post-translational  modification  of  collagen.  The 
active  species  in  this  regulatory  role  of  oxygen  is  not  the  oxygen 
molecule  but  a  product  of  its  metabolism,  superoxide  free  radical 
(02").  Superoxide  is  the  product  of  univalent  reduction  of  oxygen,  the 
first  step  in  the  biological  fixation  of  oxygen.  The  (O2")  free  radical  is 
a  highly  reactive  species  which  can  react  with  a  variety  of  important 
molecules  and  macromolecules  in  the  cell,  however,  it  is  well  known 


that  its  interaction  with  the  genetic  material  of  cells  results  in  a  trin 
of  events  that  results  in  the  unmasking  and  increased  expression  of 
certain  genes.  Our  hypothesis  is  that  the  (02°)  free  radical  is  a  major 
stimulant  for  collagen  synthesis  and  that  it  should  be  posible  to 
improve  the  efficiency  of  woimd  repair  by  increasing  the  tissue 
levels  of  (02°)  free  radical.  In  fact  during  normal  wound  healing,  an 
important  event  is  the  generation  of  (02°)  free  radical  by  phagocytic 
cells  of  the  immune  response  which  sets  the  pace  of  repair.  It  is  our 
belief  that  an  understanding  of  the  regulation  of  collagen  syntheis  by 
superoxide  can  lead  to  the  development  of  procedures  for  promoting 
woimd  healing,  especially  under  those  circumstances  where  oxygen 
delivery  may  be  impaired  by  hypervolemia  and  other  trauma 
related  factors.  In  these  studies  we  have  examined  the  participation 
of  (02°)  free  radical  in  collagen  synthesis  to  confirm  its  involvement 
in  the  regulation  of  collagen  synthesis  and  to  elucidate  the 
mechanisms  involved  in  the  modulation  of  collagen  synthesis.  Our 
studies  are  summarized  in  the  article  reproduced  in  the  following 
pages. 
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STIMULATION  OF  COLLAGEN  SYNTHESIS  IN  FIBROBLAST 
CULTURES  BY  SUPEROXIDE 

Ciowiu  CHANDRAKASAN'  and  Rajenma  S.  BHATN AGAR 

■CenniLeMlmrResMfdiUiaiiuM.  Ady«.  Mata -600 020.  India. 

Latennvy  of  CooiHCiive  TuMe  BiociMmiaiy.  Bot  OBSO.  C-62U.  School  of  Deatay , 
Unieentiy  of  Cdifoniia.  S«  Francin>.  CA  94l43-06d0.  USA. 

Aectpmd,  Augoti  31. 1999 

Ahatntt  Expomin  of  diploid  fetal  human  ftbtohlam  (IMR*M)  to  mparanida  lananaBd  hy 
dihytaqrliiniania  rewiiad  in  inoenaed  coUafea  tyntaia.  IIn  tywhaaia  of  typo  in  coBagm  waa 
stimulaied  10  a  greaaef  extent  ta  Che  synthaaia  of  type  I  coUaten. 'nta  aiaMdaiion  of  «ola|M  ayntaia 
wmaholiahedby  supefoxkledianMcaae.Otfobaef«aiionaniaaailhaiMBanoBidBatnyplayaiolaintha 
itfelahonafoolkta*y<*<i»**>*<><l'">P"‘9dulaiediffianntialoollaBanBM>>4*BtaioiL'IlMaobaataiona 
may  explain  the  increaaed  aymhesia  of  coUatan  in  haanaa  followiiig  inflammaiion  or  eapoaaa  10  oaidaac 
conditiona. 

Key  warda;  Superoxide,  stiimilaiion.  collagen  ayntheaia.  type  1  coUagan.  type  M  rnllapn.  Wianlilaaui 

STIMULATION  DE  LA  SYNTHESE  OUCOLLAGENE  EN  CULTURES  DE 
FIBROBLASTES PARLE  SUPEROXYDE 


RIa—f!  L'expoaicion  da  fihrotleawa  diploldBa  fd—t  huncaina  (IMK-PO)  idnatvoranydaffnMpar 
la  dihydtoay  fumania  a  emraind  one  augmancahon  de  la  synMae  do  coBaftna.  l4  ayndta  dn  Golaglaa 
typallla<idaiiaaulde>uHdaBrtploitatta«tt»<hwB»B*—»ypal.Lahiniolaiinndalaayndtadn 
collaBanaa  diiaboliaparla  nipaioayda  diiaiaaa,  taobaarraiinnaoiB|ltai|Balaiidtanydajeoa 
uH  Idle  dana  la  idgoiaiion  da  la  ayatae  do  coHaBhM  ai  puiaaa  aaodnier  ana  axpRata  dranaMa  dw 
ieneadocollagtoe.Ccaohaarvaiiooapaoeaoiaxplitaf«1—MMiiiodalaayndtadocoMaBload— 
la  cuBoa.  aoiiB  i  una  MlaHMooiaa  00  i  ana  axpoaiiioo  h  daa  condiiioaa  oaydtaA 

MoMdalh:  Sidiatwyda.  niwidaiinn,  ayndilMtecollaikao.  roMapla  type  LcoHaBhoi  type  Ul.fitroblaaMa 


INTROOUCnON 

Sevcnl  Uact  of  cvkkiioe  suffM  a  lok  for  oxyfen  Md  its  meiaboUies  in  the  icfulaiioa  of  ooUafca  symlMis. 
InflManaiioa.  a  pafoobiolofical  condiiioa  chmctaiiaad  by  liio  feacnooo  of  supcfoude  tkee  mdicil  O,.  lead! 
in  rnriw  nnllapo  tyinlwrii  ani  itTirTTiiTiri  i~  ilmrr  tffii^TT  r  l97foKeoi«fal.,I976)‘n*iyadiiiiof 
coUaiea  dBfinf  woond  repair  is  modulued  by  die  availabUiiy  of  osyin  (Kmihui  et  ol..  1912).  ExpoaoR  of 
dsiiiasiobypdvoRicoondiiiomCClivapilaiidPmf,  t97S)  aadoaidaMa  sock  as  ooaae(Bliainafardr^,  1913) 
testtlia  to  iacnaaed  coUafBO  syndiaas.  lo  addidoo,  afsaii  sudi  as  Blaoaiycia  and  panquai  (neibyl  viotofM) 
wMchfenemeO^  alaosfonuliieoolla|BnsyBdiada(HBMaiHandBh«aaiy.  ISTP.HmaaiaeMf.,  19tS).Becana 
«if  thn  hM«ieeMi««e>  od  iwlliMwniirM  ill  fHowaie  dlannan^  iaiaeif  inteonmiBgoaaili—llieiBerttOlliailiaillVOlvaiiin 
dw  sdoailadon  Of  coUaian  syodieafo  under  dieia  oondUfona.  Wo  hawe  invesdtBHd  dia  syadmia  of  Goilapa  in 
die  paeacnce  of  caopnoos  O,  in  IMR*90  diploid  fibnfolain. 
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Chandnkasan,  G.  and  Bhatnagar,  R.  S. 
MAT1ERIALS  AND  METHODS 


Cell  Cuban  Proeebana 

Diploid  fibmMaaa  (IMR*90)  denvod  fhim  fetal  huMto  lung  woo  obtained  in  the  Tifth  and  sixih  paaagei  from  the  liMtiuiw  for 

Medical  ReiaaRh,  Camden,  Ml.  All  Mpatimeiitt  woe  earned  out  in  tlK  eigth  to  twelfth  paaiages.  The  ceUs  wete  grown  to  confluence 

in  60  nun  diihei  (Falcon  Plastica)  in  Oulheoco't  modiflcaaon  at  Eagles  minimum  essential  medium  supplemented  wnh  10%  fetal 
bovine  saium. 


EJiposun  of  Fibfobbutt  m  Superoxide 

The  cells  were  exposed  loO,  in  the  presence  of  dihydraxyftimanie  (DHF),  a  well  known  genentor  of  the  liee  mdical  (Fischer,  19S I ). 
Picvioiis«udiea(Auiar<fnf..  IMO)  showed  that  OHF  generates  O,  in  tissue  culture  media  sndthas  the  fiee  radical  produced  under 

these  conddians  is  scavenged  by  superoside  (Usmuiaae.  We  used  this  agenc  because  iu  other  mctaboliies  are  not  known  to  have 
rigiiittr«M  efreos  on  ceds,  and  dterefeie  the  observed  cellular  effects  can  be  atnbuted  to  the  production  of  oxygen  ni 

the  ctihuie  medium. 

Prriiininiry  etperimrnti  using  Trypan  Blue  exclusion  sssey  showed  no  cytotoxic  effects  in  the  pmsenee  of  DHP  in 

used  in  dteaemitrrintrnis.  Tile  lack  of  Significant  cytotoxicity  at  OHFcameamianslowerthandOitMwasoonfifiiied  by  experiments 
in  which  the  incorporation  of  radiolabelled  preettrson  tnio  cellular  macromolecules  wm  examined. 

CoUagen  Biotyudusit 

Culniie  preteina  wen  labelled  with  10  ;iCi  •  proline  (26t  mCi/mMole,  New  England  Nuclear)  for  24  hrs.,  in  the  pwimnre  of 

3-aiBiBopiQpionitrile.sBinliibiiarofcollageacrosslini(ing(PiockapandTudennM,l982)  iofeciliiaiBihBannlysiaafcoll^an.This 
agem  is  not  known  IQ  afhaO,or  SOD.  For  analysa  of  radioactive  incorporation  and  mltagen  synthesis,  the  medium  and  cell  layer 
were  harvested  and  dialyxed  agahtsi  H,0  in  the  presence  of  I  m  M  etby  lene  diamine  tcsaacstic  acid  and  I  mM  phenyl  methyl  sulfoiiyl 
ducride  at  4*.  Control  experiments  showed  over  93%  recovery  of  labelled  pnasin  by  dda  piocndum.  Die  dialyaed ««— f*T*  wen 
tij  rknl]  mil  in  ^  ^  tin  tn  -T  t  *"*  iri  Tt  ‘~i  F**) — ri  — r  iraljr^  ftTrr*n  iknirriprrlint  iTiriiHiihsit  miihmls  (Tin  a 
andPiockop,  1966).  DNAconaamasameasunof  cell  population  waadetcrminedbyihcdiphanylamine  method  (Burton.  1936).  Total 
protein  contem  was  determined  by  CoomaisieBrilliam  Blue  pracedun  (Bradford.  197^ 

Auatysu/br  Type  I  and  Type  III  CoUagen 

In  otdsr  to  isolaiB  and  guantitaie  the  newly  synthesiied  type  land  type  in  collagsns.  both  the  fondilioned  medium  and  dm  ccB  layer 
wen  subiected  to  limited  pepsin  digestion  to  facilitam  dm  complemiolubtlimion  and  chain  teparabonof  the  collsgsne.ThecoBspng 
wen  separated  by  fractional  sah  precipitation  with  1.7  Mand  2.6  MNaO  at  pH  7.0(Millcr  and  Rhoads.  1912).  The  labelled  Gonagan 
chaina  won  sepatamd  by  chromatography  on  columns  of  catbosymcihyl  celluloae.  Dm  Mfentity  of  dm  chains  wn  coafitmad  by 
polyacrylamide  gel  clectrophoreaia. 


RESULTS 

In  pfclimiMiy  experimenu  (dau  not  shown),  we  tkiennined  the  optimal  concemraiion  of  DHF  for  use  in  these 
studies.  Since  hydroxyptoiine  synthesis  occurs  as  a  result  of  intracellular  hydroxy  ladon  of  proline  incorporated 
i  n  polypeptide  precurson  of  coilafen,  we  followed  the  synthesis  of  ("Cl-hydroxyproline  as  a  measure  of  collagen 
synthesis  The  amount  of  radionctivity  incorpomed  iniohydioxyproline  measured  as  a  function  of  DN  A  content 
increased  in  the  presence  of  DHF.  Maximal  increase  in  hyttoxyproline  synthesis  was  achieved  at  OHF 
concentrations  of  I0'20  rM  and  no  further  increase  occurred  beytmd  these  concentrations.  All  subsequem 
experiments  were  carried  out  at  DHPconccnamionsof  lOitM.  Maximal  collagen  synthesis  in  fibroblast  cultures 
occwi  when  the  cultures  become  confluent  (Feserhofsky.  1972).  All  experimenu  reported  here  were  carried 
out  with  oonflueat  cultures.  In  oitler  roexaminc  the  possibility  that  the  effect  of  DHF  on  collagen  synthesis  may 
have  resulted  ftom  an  increase  in  the  number  of  cells,  we  determined  the  total  DNA  and  protein  content  of  the 
cuituresfFig.  I).  ExposuttofceilsioOjforperiodstipio  24  hrs.  did  not  result  in  any  increases  in  DNAor  protein 
content,  indicating  that  the  free  radical  did  not  induce  cell  ptoUlieniion  in  the  confluent  cultures.  The  increase 
in  ('*C]  hydroxyptoiine  synthesis  as  a  fiinctioo  of  the  IWA  contem  of  the  cultures  wu  apparent  u  early  as  6 
hrs.  after  the  addition  of  DHF  (Fig.  2).  The  increase  wu  linear  during  the  24  hrs.  period  of  observation. 

In  order  to  confirm  if  the  increase  in  coUageo  synthesis  in  the  presence  of  DHF  resulted  from  generation  of  0, 
theeffectofiemovingthefreeradkalbysuproxidedismutaaewtt  examined.  As  seen  in  Table  I.  exposure ef 
culturu  to  10  rM  DHF  for  24  hrs.  resulted  in  a  23%  increase  in  the  incorporation  of  C'CI'ptoline  and  a  1 30% 


Stimulation  of  collagen  synthesis  by  superoxide 
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Fig.  1  Hg.  2 

Fif.  I  The  lack  of  effect  of  DHF  on  cell  growth:  Confluent  cultures  were  exposed  to  10  uM  DHF 
for  24  hfs.  and  DNA  and  protein  content  were  deteimined  as  deaenbed.  Each  value  is  the  mean  of 
ifipticaie  cultures.  Open  circlea  and  triangles  represem  data  from  connol  cultures,  filled  cireles 
and  triangles  represent  OHF-ueaied  cultures. 


Fl|.  2  Increased  collagen  synthesis  in  the  presence  of  DHF:  Confluent  culuacs  were  exposed  to 
to  uM  OHF  and  labelled  with  (“Cl-proiine  for  vanous  times.  The  coiuem  of  C*C1-hydnxyproline 
was  determined  as  desenbed  in  Methods.  Each  point  is  the  avet^  of  tiiplicaie  culures.  ChMcd 
circles  represent  control,  and  open  circles  represent  dats  from  OHp.ncaied  cultures. 


TABLE  I  I^^CI  ■  Proline  Incorporation  and  Synthesis  of  I -hytrocyproline  in  the  presence  of  DHF 


Radioactivity  Incorporated  (dpmfiig  DNA  x  1(H) 


Treatment 

Total  Radioactivity 

[l^'hydiDxyptoline 

Experiment  I 

Control 

188.7  ±  21 

3.39  1  0.33 

'*■  DHF.  10  tig/ml 

231.5122(4.23%)* 

7.81  1  0.77  (4. 130%)** 

i-DHF.  IO^g/ml♦SOD 

190.0  1 18 

3.83  1  0.39 

Experiment  2 

Control 

159.6  ±  18 

2.76  1  0.30 

*  DHF.  10  tig/ml 

211.9  ±23(4.32%)* 

8.03  1  0.85  (4.1%%)** 

i-OHF,  lOui/ml^SOO 

i 

161.2  117  1 

1 

2.81  1  0.30 

Coonusm  ctdiMCs  were  mcubmedliar  24  hrs.  in  the  presence  of  OHF  and  f^)-proline  with  or 
without  SOD.  In  cspenmcMS  wUh  SOO.  dm  cells  were  e^uilibnmd  in  SOOeomainuig  medium  for 
30  mis.  befiore  dm  addUion  of  OHF.  The  numben  in  psreaihesei  indicam  perecM  change  from 
coBa<il.EaciinuniiberisdmmeanxS.O.o((Wedemnninaiiona.*P<0.09, **F  <0.001. 

iflcicm  in  ihg  synthesis  of  ('XTl-hydioxyprolifie,  on  a  per  DNA  bests.  Since  hydioxyproline  is  present  in 
sifnifkMt  anKHiatt  only  in  coilagen.  these  daa  suggest  ihat  the  inciesoed  incorporation  of  protine  could  be 
accrMimed  for  largely  by  increased  collagen  synthesis.  This  increase  wtt  sboitsh^  by  supenwide  dwmiiase 
added  at  aconceneration  of  10  UAnl  in  the  culture  medititn.  Heat  denatured  stiperoxidedismuiase  had  noeffset 
These  data  support  the  concept  that  the  sdntulaioryeffca  of  DHF  on  collagen  synthesis  may  be  mediaiBd  by 

Theexpressionof  collagen  phenotypes  is  alieted  in  tissues  under  condidonscharactetiiied  by  iitoeasedexpoium 
io02(Bailey<rof..l972;  Batemanero/..  1981;aove<taf..  1979).  Weexainined  the  nattiieofcollagensynihcsiaed 
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in  the  presence  of  DHF.  The  labelled  procollagena  were  subjected  to  limited  pepsin  digestion  to  ensure  complete 
recovery  from  the  matrix,  and  were  differentialty  precipitated  with  NaC  to  separate  type  I  and  type  IQ  chains. 
The  chains  were  further  purified  by  chromatography  on  carboxymethyl  cellulose  columns  and  the  radioactivity 
incorponied  in  type  I  and  type  in  chains  was  measured.  These  dare  are  presented  in  Table  2.  As  seen  in  Table 
2,  u.,.  synthesis  of  type  III  collagen  was  increased  by  42%  whereas  there  was  no  significant  increase  in  type  I 
collagen  synthesis. 


TABLE  2  Relative  Synthesis  of  Type  I  and  Type  ///  Collagens  in  the  Presence  ofDHF 


Treatment 

'Radioactivity,  dpm  x  lO*'* 

— 

Type  in/Type  1 

Typel 

Type  HI 

Control 

1.82  ±  2.3 

0.32  ±0.35 

0.176 

>DHF.  10  pg/ml 

1.91  ±  2.1 

0.46  ±0.41  (>42%)** 

0.238 

'Radioactivity  in  pooled  fnctioM  rrom  cattoxymcihyl  cellidoM  chramatognpiiy  of  difTeremial  salt 
ptecipitaies  of  type  1  and  type  III  collagens.  Each  value  is  the  average  of  iriplicaie  experiments  ±  S.D. 
The  number  in  parenthesis  denotes  percem  chartge  from  coniroL  "  P  <  O.OS. 


DISCUSSION 

Our  studies  suggest  that  O,  may  directly  stimulate  the  synthesis  of  collagen.  Other  studies  in  our  laboratory 
showed  that  the  free  radical  induces  increased  prolyl  hydroxylase  activity  in  IMR-90  fibroblasts.  The  increase 
in  prolyl  hydroxylase  activity  in  the  presence  of  O,  was  abolished  by  scavengers  of  the  free  radicals.  These  date 
provide  an  explanation  for  the  increase  in  collagen  synthesis  observed  in  tissues  under  conditions  that  elevate 
O,  levels,  including  inflanunadon  (Babior,  1982),  exposure  to  increased  oxygen  (Chvaptl  and  Beng.  1975), 
oxtdantt  such  as  ozone  (Bhamagar  et  d/.,t983),  and  exposure  to  O,  generating  agenu  such  u  paraquat  and 
Bleomycin  (Hussain  etal.,  1985;  Hussain  and  Bhatnagar,  1979).  The  observation  that  and-inflaminatocy  agents 
decrease  the  production  of  Oj  (Oyangui.  1976)  and  cause  a  lowering  of  collagen  synthesis  (Kruse  era!..  1978: 
Phan  er  o/.,  198 1 )  also  supports  this  concept 

Type  in  collagen  synthesis  is  markedly  enhanced  in  tissues  in  early  sages  of  fibrosis  and  other  scarring 
processes  (Bateman  era/..  1981;  Kent  erai.,1976;  Kruse  era/.,  1978;  leaner  a/.,  1981).  Type  III  collagen  also 
accumulates  in  repair  tissue  during  wound  healing  (Bailey  era/..  1972;  Clove  er  a/.. 1979).  llie  greater  increase 
in  type  III  collagen  synthesis  in  the  presence  of  O,  observed  by  us  suggesu  that  the  free  radical  may  play  a  role 
in  the  modulation  of  differential  coHagmi  gene  expression. 

The  present  studies  do  not  provide  information  as  to  the  mechanisms  of  regulation  of  collagen  synthesis  by  Oj. 
The  free  radical  is  known  to  affect  cell  growth  and  differeniiaDon  (Michelson.  1982;  Michelson  and 
Buckingham,  1974).  The  genetic  level  regulatory  effeca  of  the  free  radical  may  arise  from  its  interactioa  with 
informational  macromolccules  (  Brown  and  Fridovich,  1981;  Leska  er  a/.,  1980,  Moody  and  Hassan,  1982). 
IncenciMM  of  the  ftee  radical  with  specific  sites  on  the  chromatin  may  result  in  the  expression  of  the  genetic 
complex  liar  coHagen  synthesis,  including  the  enzymes  involved  in  iis.posi*innsiational  processing. 

In  higher  organisms  the  inflammatory  response  elicited  by  foci  of  irritation  such  as  injury,  bacteria,  or 
particulate  material  eiicia  the  synthesis  of  collagen  to  wall  off  the  iiritani  stimulus.  Collagm  plays  a  protective 
role  by  forming  a  tough  and  imprcvious  barrier  against  injurious  stimuli  including  radiation  and  oxidants,  h 
has  been  suggested  that  (Cenuti.  1983)  tissue  proKtxidam  states  characterized  by  increased  levels  of  oxyg^ 
derived  free  radicals  may  induce  the  expresston  of  certain  genes  that  are  a  pan  of  the  organism's  defensive 
response,  reminiscent  of  the  SOS  function  in  bacteria.  It  is  interesting  to  speculaw  that  teleologically  coUagen 
and  itt  biosynthetic  machinery  may  be  a  pan  of  such  pro-oxidant  mechanisms  in  animal  cells. 
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Sciinulaaan  of  cotU^  synibesis  by  superoxide 
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Conclusions 


Our  studies  support  the  hypothesis  that  superoxide  is  a  stimulant  for 
collagen  synthesis.  It  promotes  the  overall  synthesis  of  collagen,  but 
the  increase  in  type  III  collagen  synthesis  is  much  greater  than  that 
observed  in  type  I  collagen  synthesis.  Type  III  collagen  is  a  fetal 
type  collagen  that  is  involved  in  development  and  differentiation  of 
tissues.  Increasing  levels  of  type  III  collagen  in  wound  tissues  can 
be  expected  to  have  beneficial  effects  on  tisue  repair  and 
regeneration.  Our  studies  support  the  concept  that  increased 
delivery  of  superoxide  to  wounds  may  accelerate  and  facilitate 
repair.  We  suggest  continuing  studies  along  these  lines  to 

•  Examine  the  effect  of  superoxide  on  collagen  synthesis  in 
vivo, 

•  Examine  the  effect  of  increased  superoxide  levels  on  wound 
healing,  and 

•  Develop  strategies  to  administer  superoxide  to  wounds. 
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